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THE INFLUENCE OF pH ON SEROTONIN METABOLISM BY RAT TISSUE HOMOGENATES™

Ths cuirent Interest in the metabollsm of hydroxylndoles has been

brought about lergely as a raesult of investigations of the pathweys of

serotonin (S-hydroxytyptamlne) matabolism. Of the varlous enzyme systems

involved In serotonin degradation, monoemine oxidase (MAO) has rocelved

the greates: attention, oespacially in view

of Its possible importance in

controlling brain amine lavels. According to prasent views MAD |s the

primary patiway of serotonin inactivaticn in most mammal lan species-"“

This mode of detbxlcatlon, houwaver, does not account for total serotonin

breskdown by ths Intact animal.

Under certaln conditions, both In yitro

and In vivo, other modes of scrotonin Inactivation have been roported;

thus, the formaticn of the o~glucurcnide and o-sulfate conjugates of

serotonin hus been demonstratcd,5'7 enc smali emounts of such conjugates

were found a3 urinary metabolizes frcn rats.- Yolssbach et gl? have

onu

recently shown the Importance of thg flccuronide conjugating system in

serctonin metabolism in the mouss, uspecially after blockada of MAD.

Same of the hydrexylndoleanings, such as bufotenin and psilocin,

aro rather poorly matebolized by MA0.8"9 Blaschko and Levins'?

racently

described the formation o7 colorad oxication products when various

hydroxyindoies were incubated with preparations of gill plates from the

Hytllus eduiis. Horlta and Weber' also observed a blue-cclored product

upon Incubating psilocin with mamal lan tissue hemogenates, and from an

examination of properties of the system suggestad that cytochrome o&ldase

might be Involved In this oxidation process.
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in the .pmont study the possibility of such a.systcm Inactivating
Jerotonin wa3 lnv:stlgatod. Since optimum oxidation of psilocin
occurred at about PH 9.0, the Influence of pH was alo examined In tl:ls
study. Rat tissue homogenates were found tc®be satisfactory as the source
of the enzymas, and the effects of & MAO Inhibitor and potessium cyanide

were determined, .

METHODS

Male Sprague-Davloy rats, 150-250 grems, wfra used exclusively as
the source of the tissue homogenates. The ll?er, brain, kidney, and
hsart werc ground with Teflon or glass homogenizers to a concentration
of 20 per cent with ice cold distilled water. Incubations of 1iver
hamogenates were made for 30 minutcs while the other preparations weie
shaken for 6) minutes. The follawing buffers were employed: Phosphate
buffer (0.5M), pH 7.4; Tris buffer (0.5!5, pd B.1; Lysine buffer (0.5M),
pH 8.8; and Glycine buffar (0.5M), pi 9.5. Each flask contained buffar,
hamogenato and &4 umolas of serotonin croatinine sulfate. Potasslum
cyanide (10°2M) and/or B-ghenylisczropyihydrazine (IOJ'H) wers Incorporated
into same of thg axperimental procedures. In all cases the final volume
of the Incubation mixtura was 3.0 ml. The degroe of motabolism was
determined by measuring the amcunt ¢f seroienin remalning in the in-
cubatlon flask after the designatec ¢lme. Serotonin assays wal;e performed
according to the colorimatric methed describad by Udenfriend et al, 12

The buffers used in these experiments were selected because of
their abillties to hold the desired pH ievals. They did not interfere

with nor enhance the metabollism of serotunin as was evidenced by comparison
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with othar buffer systems. The possibliity of spontansous degradation

°
of serotonin, especielly at the higher pH levels, was carefully examined,
but with ths Incubation times employed in these oxperiments, serotonin

disappearance In Quffer alone did not occur.
®

RESULTS ®
kiver. This tissue exhlbited the greatest sorotonin-metabolizing

o
activity rogardleusQof the pﬂ of the medium, It should be noted that

all incubations of 1lver homogenates were made fcg 30 minfites, while ¢ °
with the other priparations & 60 minute period was used. Under the
conditions of these experiments 1iver homogenates matabol ized about

80 per cent of tho substrate prcas.ent° at pH 7.4, This was Mcreased when  ©

¢
pH was ralsad to 8.1 and 8.8, but at 9.5 merzhol Ism decreased below 70

per cent. - @ A L] ® |
In the presence of B=phenyliscpropylhydrazine (PlH) J’M the ®
eroton!n-matabollzing capacity of llver homogenate was reduced to zero , ‘

at physlologlcal pi.  Slight gnounts of matabolism occurred st the hlgher

pH values but rarcly exceeded 20 pem cent. KGN, IO’ZH. increagaed

serotonin degradation, especially at the pH of 7.4 and 9.5, $nis was & .

consistent Tinding and wos esmcl.emy evident at aél pH's when shorter

Incubetion times were used so that less than 70-80 per cent of the

serotonin wss metabolized In tho control (no KCN) preparations. o ®,
¥hen both PIH and KCN wera incorporatad into the lncub:tlon mixture, ®

the degroe of serotonin disappearance was minimal, Inhibiting an averageg

of 11 per cont at pH £.8. Tha Influence of both pH and the Inhibitors
o °
on serotor;ln metabol ism by livar homogenates Is shown In flg. 1, and

[ ]
the data and their standerd deviations are listed in table 1.
o 4
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Rraln, Rat brain tissue homogenates proved to be cons Iderebly
lower In serotonin metabol [zing activity when compared to |lver. The
shape of ths pH curve, however, did not differ too marked!z from that
of the liver, even In the presence of PiHor KCN. Complete Inhibition
was observed at all pH levels when beth Inhibitors were used glmul tansously.
The resuits of the braln homggenato studles@are found In table ).

Heart. ieert muscle prev%d to be qulita differont frgn aither liver
or braln In mt%bollzlng serotonin., In t!% control homogenate the
greatest ectivity was seen at pH 9.5, wheroas with the ather two tissues
activity fell at this pH. An even greater difference was seen In the

activity of the heart muscle preparation In the presenco of PllH. While @

Inhibition was complete &t pH 7.4, at higher pH values a correspondlng
)

risg In s:rotonln breakdewn was observed, and at pH 9.5 there was essentlally
no difference In acgvlsy between control and PiH-trested homogenates.

KCN did®not Influence the activity of tchis preparation except at the highest

pH whele tho metabol lsm of the substraic was reduced some 25 per cent. The

combination of PIH and KCN produced conplete block of metabollsm., These
resul‘s are shown In :lg. 2 and in tabic lé

Kidney. Only some 40 per cont of the serotonin was netabol ized at
7.4 by control preparat!icns of kldnay homogenates. Llke the heart,
however., activity proceeded to rise with incroased pH, end at 9.5 was
capable of deg:ading 70 por cent of the substrate. In th® prosence of
PIH the slope of the pH curve was similar to that sedh with the hoart.
At.pﬂ 9.5, PIH exerted no Influsnce on the matabolism of serotonin by
kidney homogenates. Alsc simllar to the heart, KCN showed greater

° o
Inhibiting prcp‘ortles at the higher pH's, and at both'8.8 and 9.5,

4 e
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considerable differences In activity betwoen control and the KCN«treated
preparation werd evident. The preparations congzlnlng PIH and KCN, as
with the other tissues, exhibited » minimal motabqglsm of serotonin (see

taule®). o o
o]

piscysstoy

The results(gf@thls study’indicats the presence of at least two
enzyme systems in tissues of tha rat which are capable of metabolizing
serotonin. In the liver and braln, oxidative deamination by MAO is the
primary mode of serotonin Inactivation, even under unphyslologically high
P conditions. This Is assumed to be the case because of the almest total
Inhibition of this reaction upon trostment with PIH, a specific MAD ¢
Inhibitor. Although not described in the results, another HAD inhibitor,
2-phenylcyc10propylam‘ne (SKF=385), was also found‘ko inhibit this process
by iver and brain hamogenates at fli pH levels. The hoart and kidney,
havever, glve evidence of two cnzyma systems belng involved in degrading
serotonin. Predomirant at pH 7.4 and 8.1 I3 140, as evidenced by marked
Inhibition by both PIH and SKF-385. At these pit levels control preparations
of the heart tissue exhlbited about the sams actlvity as brain hamogenates.
Only after Inhibitlion by the MAD Inhibiters was It avident thet some other
system was also promoting the disappearance of serotonin. Even at pit 8.1
both kidney end heart homogenates showed Plgtresistant actlvity, ané.at
8.8 actlvity was about two-thirds of the ncn~inhibited control values. At
p 9.5 essentially no block was exerted by tho MAO Inhibitor. These results

suggested that ths same system which oxldizsd psllocln" was also cepable

of oxldizing serotonin. Preliminary work toward Identifylng thls enzyme

system Indicates It to be cytochroms oxidasa, espoclally because of Its
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KCN sensitivity, Its activation by cytochrome c, and by the fact that
purlf lod’ plg heart cytochrans oxidase in the prase.nco of cytochrdno ¢
Is high effective In oxidizing both psilocin and serotonin (unpublished
results). . |

The values of percent matabolism of serotonin by heart and kidney
homogenates in the presence of PIN or KCM, especlally st the higher ph's,
wera at times variable as cen be scen from thelr stendard deviations.
This varfation was caused mainly by @ small numbar of enimals whose tlsgue
preparations were [nhibited to a greater extent byOPIH than the majority
of samples. Preparations of this type also responded poorly to KCN,
usually resulting In considerably greater metabolism of serotonin than
most KCH treate’i hemogenates. The roason for these semples to act In
this fashion ts unclear. It appears that In these Instanccs, MAO Is the
predominant system acting upon serotonin since PIM wes quite affactive
In decreasing Its metabolism. In the majority of cases, however, the
reaction was resistent .to P14, but scmowhat sensitive to KCN. Since the
cytochrome oxldase system is dapendent upon cytoch.roma c, It is possible
that In these few Instances where [IH was effective even at the highem
pH's, cytochrome ¢ may have been deficient and pormitted the HAO to
dominate ghe metabollsm of the substrate. Evidence to tils effect is
seen In some of our current work; vhen cytochreme ¢ Is added to such a
sysi:em.the MAO Inhibltors nc longer. block serotonin metabol ism whereas KCN
becomes quite effective.

Whatever the explanation, It is clear from thess experimants that at

the pH's of 8.8 and 9.5, rat heart and kidney homogenates hava two systems

operating to metabolize serotonin. That both MAQ and tha KCN-sensitive

oxidase systems are active Is seen by the degree of substrate braakdown

R




THE ORIGIN.AL DOCUMENT %AS 0F POOR
QUALITY, IBEST POSSIBLE R&rRUDUL: .02
FROM COFY JFURNISHED ASIIA,

«7 -
in the presence of sither PIH or KCH alone and [ts totel Inhibition in
the presence of both lnhlB‘i tors. It appears, howevew=, that both systems
may not be active simultansousiy, especially at ph9- 5. This Is Indlcated
by tﬁ@a fact tha at this ph tho PiH ®reated preparit Bon Is capable of
oxldizing the same amount of serotonin as doas the control pre;?irat!on.

if both systems wers active tho degrce of serotonin metebol Ism by control

horpgenates should be greator than thie PIH 8ontalnlng system. It also
e

seems that at pH 9.5 che heart and kidney homogensies retabol ize serotonin @

mainly via the KCil~sensitive onidase system, providecdd that adequate co=~ 0
factors be present. in the abuence uf such c:ofactorg, or (gn the pressnce o
of KCM, the othsr enzyme systeu, FAG, becemzs the pr Fnmary pathway of
serotonin Inacilvation., Tha roascrsvhy both systens are not s Imul tang=
&

ously active to t.he!r full capuclitlo: cannot be ewplaainid by the present
9

data. ®

Whether the KCH-sensltlve syster Is an Importa®® pethway of sarctonin
inactivation In the intact aninaul Is quggtlonable, especially In view of °
lts extremsly high ol eptlnum. At best It may serve & @ mino.r pathway
of degradation undar physioclogical conditlons. el @acs and Page3 Indlcate
evidence ef sur"l a possible oxidetion produzt In the urines of animals
treated with ¢ sorotontn. Farbaps a more practicaal ispo®t of the
present findings Is the poosibllity ¢F the Kzl*!—sonsi < ive enzyme Interfering
with investigatlions of 3-hydrerytrypiophan (5HTP) deccarborytase activity
when '.ddmy or.hear't hciaogenates are employed ag the source of snzyme.

o
in some Instancas SHTP decarberylase sctivity has beean measured by in-

cubating the hcnogenate with SETP at p!-'l.B.O « 8.1 In the presence of &

MAO®inhibi:or and under sarcble conditlons. We find that this procedure
¢
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does not glve a true representation of the smount of serotonin syn-

thesized since the KCN-sensitive enzyme can degrade a part of the formed

product. In the presence of a MAO inhibitor and KCN (1073M), or under

totally gnaerobic condifions, the amount of serotonin recovery is in-

craased considerably. These precautions are therefore necessery In

us ing such homogenates as the source of SHTP decarboxylase.
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TABLE I. THE INFLUENCE OF pH AND INMIBITOR

SUBSTANCES ON SEROTONIN METABOLISM

Vslues are expressad as mean percent metabol Ism
1 standard doviation of the mean. Figures In

parentheses Indicats number of

oach group of experiments.

determinations In |

®

pH Liver Bruin Hoart Kidney

7.4 7623 (6) 6014(6) 6129(7) Li1x5(7)

8.1 89+3(8) 6943 (6) 73£9(7) ha+3(8)
Control

8.8 86:6(5) 617 (5) 71£10(9) h8+6(9)

9.5 66+2(6) 6554 (5) 83+4(8) 69+4(9)

7. | o) 0(€) (k) 0(4)
. 81 | w3) o¢) 2047(7) 1364()

8.8 : 11£10(11) 1247 (5) 56+23(11) 33+10(14)

9.5 | 17190) 21110(6) 8137 (6) 6644{)

74 | om0 6549() 612157 1919(6)
" 8.1 | 9136 743(7) 73420(7) U542 (6)

8.8 904 (6) 6716(6) 68+16(11) 3146(10)

95 |  8513() 5415 (6 56427 (9 2746(6)

-

7.4 723 (k) 0(4) 0(k) 5¢2(h)

8.1 + 6+3(5) (L) 32k (5) 626(5)
PIH + KCN :

8.8 1155 (5) 0(%) 7+4(7) 1216(6)

9.5 8+ (5) 0(L) 545 (6) 8+7(6)
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£ootnotes
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Health Service (MY-2435(C2)).

®
Legends to Figures o

)
¢ Figure |. The metabolism of serotonin by rat liver homogenates
)

at various pH{ levels ond in the presence of (1) no drug, (2) PIH
° o e ®
o (10-4K) , (3) KN (1072M) and (&) PIH and KCN.
®
Figure 2. The metabolism of serotonin by rat heart Jiomogenates
° o -
at various pH levels and In the presence of (1) no drug, (2) PIH L

(107%M), (3) KCN (10°2M) and (4) PIH and KCN. .
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